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Introduction

• Why is NASA placing a renewed emphasis on lessons learned?
– Repeated mistakes, or violation of known best practices, pose a risk that 

is potentially avoidable
• “Progress, far from consisting of change, depends on retentiveness... Those 

who cannot remember the past are condemned to repeat it.”
-George Santayana

• “An expert is someone who knows some of the worst mistakes that can be 
made in his subject, and how to avoid them.”

-Werner Karl Heisenberg

– Diaz Report assessed the agency-wide applicability of the CAIB report
• “… require that everyone understand their responsibilities and are given the 

authority to perform their jobs, with the accountability for their individual and 
program’s successes and failures, including lessons learned.” (Page 10)

• “The CAIB concluded NASA ‘has not demonstrated the characteristics of a 
learning organization’ after investigators observed mistakes being repeated 
and lessons from the past apparently being relearned.” (Page 11)

– Opportunity to add more rigor to the NASA lessons learned process
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Introduction (Continued)

• The JPL programmatic environment fosters an emphasis on effective 
best practices and lessons learned processes
– JPL focus on high risk flight projects (novel capabilities, long

duration, extreme environments, decreased development time, 
special space ops)

– Recent change in the project mix from developing a single flagship 
mission (Voyager, Cassini), to design and operation of 40 flight
projects

– Each project is a relatively unique, one-of-a-kind product, in terms 
of both system and mission design

– Gradual loss of institutional knowledge base
– JPL reorientation toward a procedure-based design process
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The NASA Lessons Learned System

• Establish effective processes for capturing and integrating lessons 
learned/best practices information
– An “Effective” Process: One that solicits, documents, and infuses lessons 

learned throughout the Center and NASA in a manner that will lead 
projects away from critical errors, or toward critical project success 
factors, encountered by their predecessors

• NASA has maintained a lessons learned system since 1992
– NASA Lesson Learned Information System (LLIS) has 1500 lessons, an 

advanced search capability, and is accessed 2500 times per month
– One to two-page lessons with 2 or 3 actionable recommendations. Some 

lessons learned document “positive” events.

• NASA Preferred Practices for Design and Test focus on proven 
system development techniques

• Center-centric: lessons learned system permits NASA field centers to 
employ processes and issue lessons and practices suited to Center 
needs
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Sample Ops Lesson Learned

Provide In-Flight Capability to Modify Mission Plans During All Ops
Both the Mars Exploration Rover (MER) flight system and mission designs had the flexibility to react to 
unexpected events. The MER flight system provided an in-flight capability to revise Entry, Descent and Landing 
(EDL) parameters by coding them in flight software.  The MER mission design provided an operational plan, 
process, and tools permitting JPL to perform EDL parameter updates over a span of several days during final 
approach to Mars and up to six hours before landing. 

MER Encounter Communications Links
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Sample Ops Lesson Learned (Cont.)

Provide In-Flight Capability to Modify Mission Plans (Continued)
The ability to update EDL parameters was critical to the success of the MER mission. 
Updated data on Martian atmospheric pressure received from the Thermal Emission 
Spectrometer (TES) instrument on the Mars Global Surveyor (MGS) spacecraft during final 
approach (see figure) indicated a lesser atmospheric density than expected. Left 
uncorrected, the actual lesser atmospheric density could have caused MER to sense its 
dynamic pressure target at a lower altitude than planned, and to trigger its parachute 
deployment too near the ground. Because the flight team had the processes for changing 
EDL parameters, and the ability to modify these parameters after launch, the timing of the 
MER parachute release was successfully accomplished. 
Lesson Learned:
Critical parameters coded in flight software and the ability to alter them within hours of 
critical events in response to unexpected data on flight characteristics can save a 
planetary mission or deep space encounter.
Recommendations:  
For spaceflight missions-- particularly landers-- ensure that the flight system and mission 
designs and have flexibility to react to unexpected events:
1. Code critical parameters in flight software.
2. Maintain an operational capability to update these parameters during the latter stages of    
encounter/EDL. 
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Incentives for Process Improvement

• The cost to NASA of a critical error mandates some assurance that 
critical lessons are identified and are actually learned

• NASA and the Centers have employed, for the most part, an ad hoc
lessons learned process
– Lack of a formal, controlled process can lead to ineffective NASA-wide 

coordination, and ineffective Center solicitation and prioritization of 
candidates, status tracking, review/approval, dissemination, etc.

• GAO Report GAO-02-195, Better Mechanisms Needed for Sharing 
Lessons Learned, January 2002

• CAIB findings tend to reinforce those issued earlier by GAO

• NASA recently issued NPR 7120.6, The NASA Lessons Learned 
Process
– Establishes basic NASA requirements for the collection, validation, 

assessment, codification, and infusion of lessons learned that are critical 
to mission success
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Example LL Process Issues

• Establish criteria for an effective lessons learned process
– How does the enterprise plan the acquisition of lesson material?
– How are lesson candidates currently validated?
– How is lesson generation coordinated and managed?
– How are lesson drafts edited, reviewed, and approved?
– Is the lesson approval process sufficiently rigorous to prevent backlash?
– How are lessons learned disseminated throughout the enterprise ? How 

do you judge their impact?
– How do lesson recommendations engage the enterprise’s closed-loop 

corrective action process?
– How are lessons learned infused into procedures and training.

• Workshop participant input on key criteria
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Elements of a Formal LL Process

• NPR 7120.6: There is a range of activities that defines an effective 
lessons learned process

Enterprise-wide 
process flow 
(JPL example)
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Elements of a Formal Process (Cont.)

• NPR 7120.6: Charter a Lessons Learned Committee (LLC) with a 
central role in the collection and processing of lessons learned

JPL example: 
lessons learned 
process 
description has 
been 
incorporated 
into a JPL 
requirements 
document
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Elements of a Formal Process (Cont.)

• NPR 7120.6: The LLC procedures should provide for active solicitation 
of lessons learned material

• Active vs. passive modes of LLC outreach

Checking the Lessons Learned Candidate box on the failure report form 
(circled on the left) generates an automatic e-mail notification (on right).
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Elements of a Formal Process (Cont.)

• Review significant events for their candidacy as lessons learned
• JPL reviews and prioritize candidate lessons based on their applicability to 

current and future projects 

JPL maintains a 
spreadsheet that 
documents LLC 
action on 
candidates 
forwarded by the 
problem/failure 
reporting system

JPL LLC formally reviews failure reports designated as lessons learned candidates, and documents its findings.
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Elements of a Formal Process (Cont.)

• NPR 7120.6: Validate lessons learned with subject matter experts

JPL LLC maintains a 
lesson candidate/status 
list

*Rank:  1-9 Priority (9 being the highest priority), P=Pending, D=Deferred Completed or invalidated candidates are moved to the Retired Candidate List.

JPL LLC tracks the status of lessons learned candidates from all sources and assigns a priority to each.
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Elements of a Formal Process (Cont.)

• Evaluate lessons learned submissions and develop a final lessons
learned draft that includes actionable recommendations

• What methods have the workshop participants found successful in 
obtaining timely draft lessons? 
– Who writes them: the person who proposed the topic, a single 

author/editor on staff to the LLC, a combination (i.e., author interviews the 
proposer)?

– Who reviews the drafts, and how are conflicts resolved?

• What type of recommendations are appropriate and useful?
– Propose solutions that are actionable, that the user should consider, but 

not “obvious” or presumptuous or held to be always applicable 
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Example “Positive” Lesson Learned 

Actively Manage Flight Project Risks During the Operations Phase
Cassini is one of the first major JPL missions to successfully conduct a risk management program during the Mission 
Operations and Data Analysis (MO&DA) phase, in addition to the normal system development program. When the risk 
management program was revived 3 years after the 1997 launch, the Mission Operations System (MOS) Team viewed it 
as a new and challenging practice. Implementation was complicated by the distribution of the 500-person MOS Team 
across the U.S. and Europe, involving over 16 sub-teams, 9 time zones, and information exchange limitations mandated by 
International Traffic in Arms Regulations (ITAR).
To plan the risk management process for MO&DA, training workshops and tutorials were held during 2000, and a risk 
management plan and schedule were issued in early 2001. Subsequent brainstorming sessions produced a Significant 
Risk List (SRL), risk items were sorted by mission phase, and they were documented in an on-line tool and categorized 
according to likelihood and impact. A Risk Team met quarterly to review the project’s risk posture, add risk metrics to the 
on-line tool, and brief the MOS Team and NASA. The risk posture was a standard briefing topic at Cassini readiness 
reviews and monthly management reviews.

A key to the success of this program was deferring wider participation (e.g., ESA, Instrument Team) until the risk 
management process was well established and understood by the JPL MOS Team. Once an on-line tool and risk 
performance metrics had already achieved a measure of acceptance at JPL, participation by the European Space Agency 
and the Instrument Team was solicited. With these tools in place, changes in the project risk profile became easily visible 
to the MOS Team and Cassini project management.
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Example “Positive” LL (Continued)

Actively Manage Flight Project Risks During Ops (Continued)

Lesson Learned:
Cassini demonstrated that active management of risks can be implemented effectively during 

mission ops despite the need to involve a large, geographically distributed, MOS organization

Recommendations:  
1. Implement a formal risk management process during MO&DA that is tightly scoped to the 

operational phase (i.e., Cruise, Tour, Orbit Insertion, Probe Mission).
2. Define the scope of the risk management program early in the MO&DA phase, obtain project 

manager endorsement to encourage MOS Team acceptance, reassess risks at appropriate 
milestones, and continue the process until end-of-mission.

3. Adopt a flexible risk management database tool that is compatible across platforms and 
clearly depicts the project’s evolving risk posture.

4. The risk management process should include attention to human performance factors (stress, 
fatigue, health, work schedule, etc.) during mission operations.
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Elements of a Formal Process (Cont.)

– NPR 7120.6: A lessons learned infusion process is required to 
‘close-the-loop’ on actionable lessons learned recommendations

JP
L 

tr
ac

ks
 th

e 
st

at
us

 o
f e

ac
h 

re
co

m
m

en
da

tio
n 

(w
hi

ch
 m

ay
 b

e 
as

si
gn

ed
 to

 m
ul

tip
le

 J
PL

 p
ro

ce
ss

es
)

Track the status of lessons learned infusion into Center-wide processes (procedures and training).
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Summary

• Lessons learned document proven risks: the driving event it describes 
has occurred at least once, is significant, and may recur
– Making the same critical mistake twice is distressing to the person and the 

institution
• NPR 7120.6 places new requirements on NASA and the Centers

– Lessons learned must compete for the users’ attention. A formal lessons 
learned process can help assure that valuable lessons get written and 
published, that they are well written, and that the essential information 
gets to the proper recipient when needed

– An effective lessons learned system requires high-level Center 
commitment, and Center-wide participation in proposing, vetting, 
disseminating, and using the lessons

• Project, line, and SMA organizations must be involved. A Lessons Learned 
Committee is needed to manage and coordinate the process

• Effective dissemination and infusion of lessons learned is a major challenge
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